The enhancing properties of silver nanoparticles in surface-enhanced Raman scattering (SERS) and metalenhanced uorescence (MEF) are studied in this work. The obtained results conrm that the partial aggregation of nanoparticles leads to a great increase of Raman scattering cross-section but there are signicant dierences in SERS-activity of colloidal silver treated with various aggregating compounds. The dierences are interpreted through the analysis of both experimental and computational results. The same silver colloid covered with silica shell preventing the uorescence quenching makes possible a several-fold increase in uorescence emission. The eect strongly depends on thickness of the outer layer of nanoparticles. Geometrical parameters of nanoparticles (radius or radius and thickness of the adsorption layer in core-shell systems) are determined on the basis of the dynamic light scattering (DLS) data and extinction spectra analysis.
Introduction
Metallic nanoparticles (especially silver and gold) ex- Surface-enhanced Raman scattering (SERS) is a combination of two mechanisms. The electromagnetic mechanism of SERS is related to the previously mentioned resonant LSP exitation [3] . The second contribution to the SERS enhancement is a short-range resonant mechanisms of chemical nature: chemical bonding and charge-transfer transitions between metallic nanoparticles and coordinated molecules [4] .
On isolated nanoparticles, both mechanisms allow to obtain local eld enhancement up to about 6 orders of magnitude but the average intensity of Raman scattering from molecules dissolved in macroscopic suspension of such nanoparticles can increase by only 23 orders of magnitude in comparison with pure solution of Raman scatterers. This enhancement is far from being sucient for practical applications. SERS signal can be further amplied through partial aggregation of colloid [5] . This approach is based on the fact that the extremely high electric eld is induced in the narrow * corresponding author; e-mail: micy@cm.umk.pl slits between nanoparticles, in the so-called hot-spots.
The intensity of Raman scattered light originated from molecules occupying such places may rise up to 10
12 -fold (10 15 -fold as the result of both mechanisms) [6] .
It makes possible to detect SERS signal from a single molecule [7, 8] . This paper is an attempt to interpret the The second phenomenon where the unique plasmonic properties of noble metal nanostructures play a substantial role is the metal-enhanced uorescence (MEF) [9] .
The total increase in the intensity of uorescence light is a result of two resonance processes: enhancement of excitation and enhancement of emission of uorophores placed in the vicinity of nanoparticles [10] . The enhancement of excitation is related to the increase of the excitation rate of uorescence molecules and is proportional to the strength of the local EM eld at their location.
When excited molecules are near metallic nanoparticles, the light emitted by these molecules interacts resonantly with LSP that leads to faster deactivation of uorophores and, as a consequence, results in an increase in the quantum yield and also (in most cases) a decrease in lifetime.
One should note that the adsorption of a dye directly on a metal surface results in a quenching of its uorescence. To avoid the quenching, the nanoparticles have to be coated with a thin layer of dielectric and nonuorescent material. For the preliminary MEF studies presented in this work, silica-coated silver nanoparticles were used. FITC molecules were used as a uorescent probes.
(A-11) 
Silver colloids production and samples preparation
The silver colloid used in experiments was prepared using a slightly modied Lee and Meisel method [11] .
SERS experiment. The method of the preparation of both pure nanoparticles and samples for SERS studies was described in our previous paper [12] . Simultaneous measurements (recording of SERS and extinction spectra as well as particle sizing by DLS) were started immediately after the preparation of each sample.
MEF experiment. 
Instrumentation
The test apparatus used for recording the absorption and Raman spectra as well as the particle sizing with DLS method [13] was described in detail in [12] .
Steady-state uorescence spectra were obtained on Both SERS and MEF experiments as well as the procedure of determination of geometrical parameters of silicacoated nanoparticles consisted of a single series of measurements (recordings of extinction, Raman and uorescence spectra, and DLS measurements, respectively).
3. Numerical algorithm for the size (shape) distribution retrieval
According to Lambert-Beer's law, the absorbance of non-interacting spherical particles suspension can be described as
where C ext denotes the extinction cross-section of particle of radius r. and by e the column vector representing experimental data, the regularization problem can be dened as
where α is called the regularization parameter and wgL is an operator chosen to obtain a solution with desirable
properties (e.g. identity matrix). According to the denition of the Tikhonov's functional (expression (2)), the regularized solution f (column vector) can be written as
In this work the solution f (a nonnegative distribution function) was calculated using the NNLS algorithm [15] . Despite the higher degree and rate of aggregation, Looking at Table I Because the intensity of SERS provided by chlorideactivated colloids was at least 10-fold higher, it can be supposed that in these aggregates the number and width of interparticles junctions were more advantageous for SERS (as in Fig. 2 ). In the presented work, the maximal enhancement factor exceeded 6 orders of magnitude.
The enhancement of uorescence emission on silica coated silver nanoparticles
As it was shown so far, the citrate-reduced silver colloid was capable to eectively enhance Raman signal. Before the use of these nanoparticles as a MEF substrate, they had to be coated with a dielectric layer of an appropriate thickness. This was done following the recipe given in Sect. 2.2. (Step 1). Colloids obtained at this stage were then 10-fold diluted with water. In order to determine their geometrical parameters, the extinction spectra were recorded and DLS measurements were performed as well.
The main feature of the spectra (not presented here) was a wide band related to the excitation of surface plasmons localized on silver nanoparticles. The absorbance in this region was about 0.3. LSPR band shifted toward longer wavelengths as the amount of added silica precursor (TEOS) increased. The collected extinction spectra were analyzed using the method described in Sect. 3.
The kernel matrix C was created from the spectra (250 700 nm) calculated on the basis of the extension of Mie theory given by Aden and Kerker [17] . Both the radii of silver cores and thicknesses of the outer silica shells were computed. MAE of numerically reproduced spectra ranged between 0.0029 and 0.0060 (12%). Fig. 3 (left graph) shows that the results obtained from both method (regularization applied to the extinction spectra and analysis of DLS) are consistent. The mean outer radii of all colloids studied here are almost identical in both cases. 
